Further insight into the mechanism of stereoselective proton abstraction by bacterial copper amine oxidase.
During the catalytic reaction of copper amine oxidase, one of the two prochiral hydrogen atoms at the C1 position of substrate amine is stereoselectively abstracted by a conserved Asp residue serving as a general base. Using stereospecifically deuterium-labeled enantiomers of 2-phenylethylamine, we previously showed that the pro-S alpha-proton is abstracted by the enzyme from Arthrobacter globiformis (AGAO) [Uchida, M., et al. (2003) Biosci. Biotechnol. Biochem. 67, 2664-2667]. More recently, we have also demonstrated that the pro-S selectivity of alpha-proton abstraction is fully retained even in the reaction of a mutant AGAO lacking the catalytic base [Chiu, Y.-C., et al. (2006) Biochemistry 45, 4105-4120]. On the basis of these findings, we have proposed that the stereoselectivity of alpha-proton abstraction is primarily determined by the conformation of the Schiff base intermediate formed between the substrate and the topa quinone cofactor (TPQ), stabilized by the binding of the distal part of the substrate to a hydrophobic pocket of the enzyme. In this conformation, the pro-S hydrogen atom to be abstracted is nearly perpendicular to the plane of the Schiff base-TPQ conjugate system, achieving the maximum overlap of sigma- and pi-orbitals. To further elucidate the stereochemical details, we have synthesized stereospecifically deuterium-labeled enantiomers of ethylamine, a very poor substrate for AGAO, in addition to those structurally related to the preferred substrate, 2-phenylethylamine. In marked contrast to the nearly complete pro-S selectivity of alpha-proton abstraction for most substrates that have been examined, the stereoselectivity for ethylamine decreased significantly to as little as 88%. The crystal structure of AGAO soaked with ethylamine showed very poor electron densities for the substrate Schiff base intermediate, showing that its conformation is not defined uniquely. Thus, the stereoselectivity of alpha-proton abstraction during the copper amine oxidase reaction is closely associated with the conformational flexibility of the substrate Schiff base intermediate.